Introduction
Cervical cancer is one of the most common malignancies in women and has become an important disease that threatens women's health. 1, 2 Radical hysterectomy is the main local treatment of early stage cervical cancer, and pelvic lymphadenectomy is an important surgical procedure during radical hysterectomy. Several studies have found that the number of examined lymph nodes (ELNs) could predict precise lymph node staging in lung, gastric, rectal, and ovarian cancer, and patients with a higher number of ELNs show better survival. [3] [4] [5] [6] However, for patients with cervical cancer, extensive lymphadenectomy may lead to more postoperative complications and damage the patient's immune system. 7, 8 The status of lymph node is not considered in the current International Federation of Gynecology and Obstetrics (FIGO) staging system. However, more studies have found that a higher number of positive lymph nodes (PLNs) was associated with worse prognosis. 9, 10 Theoretically, a higher number of ELNs could accurately assess lymph submit your manuscript | www.dovepress.com
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Zhou et al node status, which may reduce the risk of occult lymph node metastases. Previous studies have found that a higher number of ELNs was associated with better survival in patients with node-positive disease. 11, 12 However, several studies have shown that extensive lymphadenectomy did not improve survival. [13] [14] [15] In addition, a population-based study found that a higher number of ELNs was associated with better survival outcomes in patients with node-negative cervical cancer. 16 Therefore, the clinical value of ELN count in cervical cancer remains controversial.
Squamous cell carcinoma (SCC) and adenocarcinoma (AC) are the most common histological subtypes of cervical cancer, which show differences in epidemiology, etiology, molecular characterization, and prognosis. [17] [18] [19] To the best of our knowledge, there are no studies investigating the prognostic impact of the number of ELNs in different histological subtypes of cervical cancer. In this study, we aimed to investigate the prognostic value of the number of ELNs in cervical cancer using the Surveillance, Epidemiology, and End Results (SEER) database and further analyzed whether the results were affected by histological subtypes.
Materials and methods Patients
We included patients diagnosed with FIGO stage IA2-IIA SCC and AC of the uterine cervix after hysterectomy and lymphadenectomy between 1988 and 2013 based on the SEER program. 20 Patients with unknown ELN count and PLN count were excluded. We obtained the permission to access the SEER research data files with the reference number 14239-Nov2015. The Clinical Research Ethics Committee of the First Affiliated Hospital of Xiamen University approved this study. This study did not include any interactions with human subjects or use personally identifiable information, therefore, the ethics committee did not require that written informed consent be obtained.
Demographic and clinicopathological factors
The demographic and clinicopathological factors including age, year of diagnosis, ethnicity, FIGO stage, grade, histological subtypes, number of PLNs and ELNs, and radiotherapy were collected from the SEER database. The FIGO stage IA2-IIA category included stages IA2, IB not otherwise specified (NOS), IB1, IB2, and IIA in the SEER database. The number of PLNs was classified as 0, 1, 2, 3, and >4. The number of ELNs was classified according to previous studies as follows : 1-10, 11-20, 21-30 , and >30. 13, 16 The primary endpoints of this study were cause-specific survival (CSS) and overall survival (OS).
Statistical analysis
All statistical analyses were completed using the SPSS package (version 21.0; IBM Corporation, Armonk, NY, USA). The Pearson's c 2 test was used to compare the frequency distributions between categorical variables. Analysis of variance was used to compare the continuous variables in patients. Survival rates were determined by using Kaplan-Meier method and log-rank test. Univariate and multivariate Cox proportional hazard analyses were performed to identify the prognostic factors of CSS and OS. The impact of ELNs in the multivariate Cox proportional hazard model was evaluated by using continuous variables or categorical variables in two models. All the prognostic variables that were found to be significant in the univariate analysis were included in the multivariate analysis. A p-value of <0.05 was considered significant in all the analyses.
Results
The demographic and clinicopathological characteristics are summarized in Table 1 . A total of 11,830 patients were included in this study, and 8,825 (74.6%) patients were diagnosed after 2000. The median age was 43 years (range, 9-90 years). Among them, 66.9% (7, 920) Patients who were younger, diagnosed after 2000, white ethnicity, IB NOS stage, received radiotherapy, and married had a higher number of ELNs. The probability of a higher number of PLNs was higher in patients with more ELNs. The clinicopathological data among the four groups were not significantly different for histological subtypes and grade ( Table 1) .
The median time of follow-up was 86 months (range, 1-311 months). The 5-and 10-year CSS were 91.6% and 89.1%, respectively, and the 5-and 10-year OS were 89.3% and 83.9%, respectively. 
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ELNs' impact on survival in cervical cancers Abbreviations: AC, adenocarcinoma; ELNs, examined lymph nodes; FIGO, International Federation of Gynecology and Obstetrics; G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; G4, undifferentiated; NOS, not otherwise specified; PLNs, positive lymph nodes; SCC, squamous cell carcinoma; SD, standard deviation.
The univariate analysis showed that ELN as a continuous variable or as a categorical variable was the significant prognostic factor in CSS and OS ( Table 2 ). The results of multivariate analysis showed that ELN was an independent prognostic factor for both CSS and OS as a continuous or a categorical variable (Table 3) . Patients with a higher number of ELNs had a better survival. In the subgroup analysis of patients with node-positive disease, the number of ELNs was also an independent prognostic factor for survival. However, the number of ELNs was not associated with survival outcomes in node-negative patients (Table 3) . Age, year of diagnosis, ethnicity, FIGO stage, grade, histological subtypes, number of PLNs, and radiotherapy were also independent prognostic factors for survival in the multivariate analysis.
The prognostic value of the number of ELNs in patients with SCC and AC was further analyzed. The ELN count was not significantly different between SCC and AC (p=0.760). However, more patients had a higher number of PLNs in SCC subtype, whereas AC patients were more likely to have node-negative disease (p<0.001). In SCC subtype, the results of multivariate analysis showed that the number of ELNs as a continuous or a categorical variable was also an independent prognostic factor for CSS and OS in the entire cohort and in the node-positive subset, but not in the node-negative patients (Table 3; Figure 1) 
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Discussion
In this study, we investigated the prognostic impact of ELN count of early stage cervical cancer patients in a populationbased study. Our results indicated that ELN count was an independent prognostic factor for survival outcomes, especially in patients with a node-positive disease. The subgroup analysis showed similar results in patients with SCC subtype, while ELN count had no prognostic value in AC patients.
Currently, the therapeutic value of extensive lymphadenectomy in patients with cervical cancers remains controversial. A study by Lim et al found that a more extensive lymphadenectomy (>40 ELNs) improved survival in patients with tumors sized >4 cm. 21 However, other studies found that the ELN count had no effect on survival. [13] [14] [15] In this study, we found that a higher number of ELNs was 
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Zhou et al associated with better survival in patients with early stage cervical cancer. Although the lymph node status has not been included in the FIGO staging system, several studies have suggested that a higher number of PLNs was an unfavorable prognostic factor for survival.
9,10 Our study also found that patients with a higher number of PLNs had worse prognosis and that the risk of lymph node involvement (>4) was significantly increased in patients with >30 ELNs. Therefore, a higher number of ELNs may reduce the risk of occult lymph node metastases.
The effect of number of ELNs on survival of patients with cervical cancer according to different lymph node status remains controversial. A previous SEER study suggested that more extensive lymphadenectomy improved survival in node-negative patients and had no prognostic value in node-positive patients (from 1988 to 2005). 16 In our study, subgroup analyses found that ELN count was the independent prognostic factor in node-positive patients but not in patients with node-negative disease. Our results were contrary to the findings of Shah et al, 16 which may be due to the difference in sample size (11,830 vs 5,222, respectively) . In addition, 48.0% of patients in the Shah et al 16 study were diagnosed after 2000, and 76.4% of patients in our study were diagnosed after 2000, which differences in the use of adjuvant therapy may exist according to the year of diagnosis. Although there were contrary findings between the two SEER studies, our results were similar to previous studies. 11, 12 Mao et al also found that there was no prognostic effect of ELN count in node-negative patients. 22 The epidemiology, etiology, clinicopathological and molecular characteristics, treatment response, and prognosis of SCC are significantly different compared to AC of the uterine cervix. [17] [18] [19] However, the incidence of AC has increased in recent decades. In our study, 33.1% of patients were diagnosed with cervical AC, which was higher than a previous SEER study (20%). 23 Several studies have shown that radiotherapy was the main local treatment in cervical SCC, while more cervical AC patients received primary surgery. 24, 25 Therefore, the higher incidence of AC in our study was related to difference in the study population. Previous studies indicated that there was no significant difference in lymph node status between SCC and AC. 26, 27 In this study, the ELN count was not significantly different between SCC and AC. However, more patients had a higher number of PLNs in SCC subtype, whereas AC patients were more likely to have node-negative disease. However, the SCC subtype had a higher number of PLNs compared with AC group.
The effect of ELN count on the survival of patients with SCC and AC is not well determined. Our subgroup analysis found that ELN count was the independent prognostic factor in node-positive SCC subtype. In addition, the ELN count had no prognostic value in AC patients regardless of nodal status. To the best of our knowledge, our study was the first to identify the prognostic value of ELN count in cervical cancer with different histological subtypes.
The extent of lymphadenectomy may be individualized based on accurate assessment of lymph node status. Previous studies have found that advanced FIGO stage, large tumor size, deep stromal invasion, involvement of the parame- 
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ELNs' impact on survival in cervical cancers trium, and lymphovascular invasion could predict lymph node metastasis in cervical cancer. 28, 29 In addition, positron emission tomography/computer tomography (PET/CT) and magnetic resonance imaging (MRI) have higher sensitivity and specificity in predicting lymph node metastasis. 30, 31 However, the accuracy of PET/CT decreases for nodal size <5 mm and micrometastasis. 30, 31 PET/MRI-diffusion weighted imaging may be a valuable imaging technique for nodal staging in patients with cervical and endometrial cancer, but further studies are required to investigate its potential clinical utility. 32 An increasing number of studies have found that sentinel lymph node (SLN) biopsy is an important indicator evaluating pelvic nodal status in cervical cancer, with excellent detection rates and high sensitivity. 33, 34 SLN biopsy without pelvic lymphadenectomy is considered safe in cervical cancer patients with negative SLNs. 35, 36 Several studies have found that indocyanine green SLN mapping in cervical cancer provided higher overall and bilateral detection rates compared with current standard of care [37] [38] [39] and removed up to three SLNs which may be enough to accurately assess the lymph node staging in cervical cancer patients. 40 The current National Comprehensive Cancer Network guidelines recommended the SLN technique for early stage cervical cancer with tumor size <2 cm. 41 Our study found that the number of ELNs has no effect on survival in node-negative cervical cancer. Therefore, combined with the current SLN biopsy technology, pelvic lymphadenectomy may be avoided in node-negative cervical cancer.
Our study has several limitations that need to be acknowledged. First, inherent bias could not be avoided in retrospective studies. Second, the SEER program lacks data concerning several pathological factors including lymphovascular invasion, stromal invasion, and postoperative complications among the ELNs groups, which may cause bias to analysis. In addition, the extents of lymphadenectomy (pelvic, inguinal, or para-aortic) were not clearly defined because there is no detailed record in the SEER database. Third, there was no information regarding whether or not chemotherapy has been given. Fourth, the period of this study spanned about 25 years, and the adjuvant treatment of early stage cervical cancer has changed in recent decades, 42 which may have potentially impacted the survival outcomes.
Conclusion
In patients with stage IA2-IIB cervical cancer, the number of ELNs is an independent prognostic factor of survival. A higher number of ELNs is associated with better survival outcomes, especially in the node-positive SCC subtype. Further studies are required to determine the optimal extent of lymphadenectomy in cervical cancer with different histological subtypes.
